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a closed chamber containing a man the pressure increases on inspiration due to the wetting and warming of the air. It was suggested to the author that this principle might serve as a method for the measurement of respiration in small animals where it is difficult to make use of masks and where immobilization by anesthetics or by physical restraint is undesirable. With the help of Dr. Otis this suggestion was tested and the method proved well adapted to the determination of the CO2 sensitivity of the respiratory center of the hamster under wide variations of the inspired CO2 percentage.
METHODS
In these experiments an airtight brass chamber with a volume of about 1400 cc was used. The pressure changes were transmitted through a plastic tube to an 0.2. psi strain gauge pressure transducer (Statham) coupled with a carrier wave amplifier and oscillograph (Hathaway).
This chamber was submerged in a constant temperature water bath provided with a stirrer. A small inside fan kept the chamber air in motion. A few cubic centimeters of water in the bottom of the chamber kept it saturated at the water bath temperature. Two screens separated the experimental animal from the fan and from the water.
A I-CC. tuberculin syringe was connected to the outlet of the chamber so that known amounts of air could be injected into the chamber for calibration purposes. The use of this method in determinining ventilation is based on the following assumptions: that the chamber pressure increases are due to the heating and moistening of the experimental animal's tidal air when the animal inspires; that both the pressure and the temperature effects are equilibrated to pre-existing conditions after expiration and before another inspiration.
If the latter conditions were not met one might expect that the pressure in the chamber would continually rise as the animal breathed.
This was not found to be the case. In
Received for publication May 13, 1954. This consisted of a pair of syringes mounted parallel to each other and perpendicular to the top of the chamber.
Each syringe communicated with the inside of the chamber by way of a small hole. The syringes were mounted upon a frame such that when the plunger of one syringe was pushed in, the other automatically was pulled out to the same extent keeping the combined volume of chamber and syringes constant. Into one syringe was placed wet gauze and the outside of this syringe was wrapped with nichrome wire which led to a power source so it could be used as a heater. A thermocouple was also incorporated into this syringe and this was connected with a galvanometer which registered the syringe temperature. When the plunger of this syringe was pulled out and the other automatically went in to keep the volume constant, a pressure change was noted in the chamber due to the heating and wetting of the air in the syringe connected with the chamber.
The temperature of the syringe could be controlled so that the twin syringe setup actually simulated a breathing animal. It was found that the pressure changes produced using this calibrator were of the same order of magnitude as those predicted from gas law calculations.
It was also found that equilibration to pre-existing conditions after simulated expiration took less than one-tenth of a second which is sufficient to allow for the fastest respiratory frequencies found in the experimental animals used in these experiments.
Hamsters were chosen as experimental animals. The primary reason for the choice of this animal was that most of the procedures were carried out in the daytime when hamsters are rather dormant.
If the experimental animal moved about while pressure changes were being recorded, the recording was very erratic and, in addition to the respiratory pressure changes, there were many others probably due to compression and decompression of gas in the body cavities. Because of these extraneous pressures it was found necessary to wait until the animal had become quiet before recording respiration. The chamber containing the animal was ventilated with air or other gas mixtures at a rate of about 5 l/min. for from [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] minutes which was considered to be long enough for an animal the size of a hamster to achieve a steady state. Each gas mixture had been prepared in a small gas cylinder under pressure and its contents analyzed by a Haldane Gas Analyzer. At the end of this period of ventilation with air or a test gas the inlet was closed, the outlet was connected with the strain gauge, a recording of the pressure changes was taken, and the run was calibrated with the I-CC tuberculin syringe.
The whole procedure took less than a minute so there was little chance for the gas concentrations in the chamber to change. Each run on a test mixture was preceded by a run in which the animal breathed air for a period of 20-30 minutes.
A series of mixtures which varied from CO2 was used. The oxygen in each mixture was kept at 20%. The balance was nitrogen.
RESULTS
Tidal volumes were calculated in the following manner: When an animal's body temperature was found to be 37OC, the chamber temperature 2 7', the total barometric pressure in the chamber 760 mm Hg and the gas in the chamber saturated at 27', t,he pHz0 of the chamber gas was 27 mm Hg leaving 733 mm for dry gas. When the animal inspired, the inspired gas would be heated to 37OC and saturated at this temperature. The pHzO of the inspired gas would be increased from 27 mm to 47 mm Hg or a 2o-mm increase in total pressure due to the addition of water vapor molecules. In addition this volume would be heated from 27O to 37O or from 300' to 310~ absolute. The total volume of the inspired gas would be increased by a factor of 780/760 X 310/300 or by 6%. This would produce a deflection of the galvanometer.
If this same deflection could be produced by injecting .06 cc of air into the chamber with the connected tuberculin syringe, the calculated tidal volume would be I cc. Actually the degree of deflection produced by injecting air in this manner was found to be proportional to the volume injected. Therefore, it was not necessary to inject an amount which would exactly match the galvanometer by breathing of the ex- Figure I shows photographic recordings of air and CO2 breathing. It also shows the individual determinations of ventilatory response plotted as ventilation ratios (the ratios of ventilation breathing CO2 m ixtures to the ventilation of the same animal breathing air) -against percentages of COz breathed.
A smooth line connects what appears to be the average of plots at each concentration.
The peak ventilation appears to have occurred when the animals breathed 20% COZ. It should be borne in mind that these CO2 percentages represent inspired, not alveolar co*.
The resting respiratory rate showed an inverse ratio with body weight. At 130 gm the mean resting rate was 30, at 100 gm it was 32 and at 90 gm the mean rate was 33.
The tidal volume was directly related to body weight. At 130 gm the mean tidal was 1.4 cc, at 100 gm it was 1.03 cc, and the gogm EFOUP averaged .91 cc tidals.
The mean minute volumes for the 130, IOO, and go-gm groups were, respectively, 42 cc, 33 cc, and 30 cc. CO:! breathing increased the rate more than the tidal. The means for the Ioo-gm group breat.hing 22 % CO2 were: rate 113, tidal 1.96 cc, minute volume 222 cc.
DISCUSSION
The peak ventilation was found here when the animals breathed about 20% CO2 in 20%
